The influence of Hb on 14 serum constituents was evaluated. Among the 7 enzymes for which analyses were conducted, LD and HBD values were elevated fivefold at the highest Hb concentration of I500 mg/liter. Hb had Iess of an effect on the activities of other enzymes, i.e., AST activity was increased by only 30%
I NTRO DU CTIO N Rat erythrocytes are fragile compared to those of other laboratory and domesticated animals (1) . Therefore, in blood specimens submitted for clinical chemistry determinations, varying degrees of hemolysis during collection are often encountered. Hemolysis has been shown to affect a number of important human clinical chemistry tests. For example, potassium and iron concentrations and lactate dehydrogenase (LD), creatine phosphokinase (CK), aspartate transaminase (AST), and alanine transaminase (ALT) activities have been reported to be influenced by hemolyzed erythrocytes (2,3). However, there is limited documentation in the literature of the magnitude of errors attributable to'this hemolysis relative to rat blood chemistry values. This study was conducted to evaluate the effect of hemoglobin (Hb) on rat clinical c h e m~s~r y parameters.
MATERIALS AND METHODS

A f f ;~a~s
Ten male Fischer 344 rats, 58 weeks of age (Microbiological Associates, Inc., Walkers-ville, MD) were anesthetized with methoxyflurane. The rats were bled from the orbital sinus. A 0.5 ml first blood sample was collected in a 2 ml VacutaineP tube (Becton-Dickinson Company, Rutherford, NJ) containing ethylenediamine tetraacetate (EDTA) followed by a second sample of 1.5 to 2 ml of blood in a 3 ml VacutainerR tube containing no anticoagulant.
Sample Analysis
The blood samples were centrifuged for 15 minutes at 900 X g. The residual cells in tubes containing EDTA were pooled and washed two times with 0.9% sodium chloride solution. One ml of saline washed packed red cells was hemolyzed with 4 ml of distilled water. The mixture was thoroughly shaken and allowed to stand for 20 minutes at room temperature, The hemolyzed cells were then centrifuged for 15 minutes at 900 X g. The resulting 5 X diluted hemolysate contained a Hb concentration of 60 glliter as determined on a Coulter HemoglobinometerR (Coulter Electronics, Inc., Hialeah, FL). This hemolysate was further diIuted to 4; 6, and 12-fold with 0.9% TOXICOLOGIC PATHOLOGY sodium chloride solution to obtain hemolysates containing 15,10, and 5 g/liter of Hb.
One-tenth ml of each of the diluted hemolysates was added to one of 3 tubes (12 X 75 mm glass culture tubes) each containing 0.9 ml of serum. A mixture containing 0.9 ml of the pooled serum containing no Hb and 0.1 ml of 0.9% sodium chloride served as the control. Triplicate determinations were performed for all samples for 14 clinical chemistry tests using the CentrifiChem System 300 Analyzer' with a dedicated minicomputer (Union Carbide Corporation, Rye, NY).
Reagents
The procedures and source of reagents for each of the 14 chemical tests conducted are given in Table 1 . Some procedures were modified to obtain increased sensitivity for rat samples (4) . These modifications are also tabulated in Table 1 with the exception of that used for cholinesterase (ChE). The ChE assay was performed after modification of Cholinesterase Test Kit (Boehringer Mannheirn Corporation, Brookfield, CT) in the following manner: the contents of bottle No. 1 (buffer/ chromogen) and of bottle No. 2 (substrate) were dissolved in 87.5 ml and 10 ml water, The effect of Hb on each serum test was analyzed by linear regression. An effect was1 considered significant if the regression was statistically different from zero (P < 0.05).
RESULTS AND DISCUSSION
The quantitative influence of hemolysis on 7 clinically important enzyme activities and 7 nonenzymatic components in serum is shown in Table 2 . Of the 7 serum enzymes studied, LD and a-hydroxybutyrate dehydrogenase (HBD) were affected to the greatest degree by Hb. The activity of these enzymes was significantly elevated at increased concentrations of Hb. A fivefold increase in activity of both enzymes was observed at the highest Hb concentration of 1500 mg/liter. This concentration of Hb (equivalent to a 1% cell hemolysate) is the highest level generally encoun- The slope of the regression line was significantly different from 0 at P < 0.01. The slope of the regression line was significantly different from 0 at P < 0.05.
tered in routinely collected blood samples in our laboratory. A number of other serum enzyme activities were also found to be dependent, but to a lesser degree, on Hb concentration. Serum AST activity was positively correlated and CK activity was negatively correlated to serum Hb concentrations. AST activity was increased by 30% whereas CK activity was decreased by 10% at the highest Hb concentration. The activity of three other enzymes, alkaline phosphatase, ALT, and ChE was not affected by hemolysis.
Among the seven nonenzymatic constituents measured, the total bilirubin content was found to have the highest correlation to Hb concentration. Bilirubin concentrations increased about fivefold over normal at 1500 mg/liter of Hb. Creatinine and glucose values were negatively correlated to Hb concentration but the dependence was not nearly as great as that with total bilirubin. The concentration of 4 other serum constituents; albumin, total protein, calcium, and urea nitrogen were, not affected by Hb.
Even though the animal variation (4) in the measurement of AST, CK, creatinine, and glucose was greater than the variation (Table 2) contributed by hemolysis, investigators who are dealing with the clinical chemistry should recognize the significance of the Hb effect. It should be apparent that the magnitude of the effect of Hb on LD and HBD activities from serum samples which are obviously hemolyzed should be taken into account when interpreting the biological significance of elevation of these enzymatic measurements.
